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DESCRIPTION 



RESIST COMPOSITION FOR ELECTRON BEAM OR EUV 

TECHNICAL FIELD 
[0001] 

The present invention relates to a resist composition and a method of forming a 
resist pattern for use with an electron beam or EUV (Extreme Ultraviolet, wavelength: 
approximately 13.5 nm) that is used to conduct exposure within a vacuum. 

Priority is claimed on Japanese Patent Application No. 2003-362223, filed 
October 22, 2003, Japanese Patent Application No. 2003-371 111, filed October 30, 2003, 
and Japanese Patent Application No. 2004-100206, filed March 30, 2004, the contents of 
which are incorporated herein by reference. 

BACKGROUND ART 
[0002] 

In recent years, in the production of semiconductor elements and liquid crystal 
display elements, advances in lithography techniques have lead to rapid progress in the 
field of miniaturization. Typically, these miniaturization techniques involve shortening 
the wavelength of the exposure light source. Conventionally, ultraviolet radiation such 
as g-line and i-line radiation has been used, but nowadays KrF excimer lasers (248 nm) 
are being used in mass production, and mass production using ArF (193 nm) is also 
starting to be introduced. 

On the other hand, one example of a resist material that satisfies the high 
resolution conditions required to enable reproduction of a pattern of minute dimensions is 



a chemically amplified resist composition, which includes a base resin that undergoes a 
change in alkali solubility under the action of acid, and an acid generator that generates 
acid on exposure. Chemically amplified resist compositions include negative 
compositions, which contain an acid generator, a cross-linking agent, and an alkali- 
soluble resin that functions as a base resin, and positive compositions, which contain an 
acid generator and a resin that exhibits increased alkali solubility under the action of acid. 
[0003] 

Moreover, recently, lithography processes using EUV and electron beams, which 
represent the next generation of technology following lithography processes using ArF 
excimer lasers (193 nm), have been proposed and researched (for example, see patent 
references 1, 2, and 3). 

EUV exhibits a high degree of linearity, and the exposure apparatus is usually 
constructed using a reflective optical system using a mirror such as a multilayer mirror. 

[Patent Reference 1 ] 

Japanese Unexamined Patent Application, First Publication No. 2003-177537 
[Patent Reference 2] 

Japanese Unexamined Patent Application, First Publication No. 2003-140361 
[Patent Reference 3] 

Japanese Unexamined Patent Application, First Publication No. 2003-75998 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] 

However, a problem arises in processes using electron beams or EUV in that as 
exposure is continued, a phenomenon occurs wherein the exposure radiation reaching the 



3 

substrate weakens, or stable exposure becomes impossible, or exposure itself becomes 
impossible. 

On investigating this problem, the inventors of the present invention discovered 
that as repeated exposure is conducted, the mirror and mask become contaminated, 
5 leading to the problem described above. 
[0005] 

The present invention aims to resolve the problem described above, with an 
object of providing a resist composition and a method of forming a resist pattern that 
enable contamination within the exposure apparatus to be prevented in lithography 
1 0 processes using an electron beam or EUV. 
MEANS FOR SOLVING THE PROBLEMS 
[0006] 

In order to achieve the above object, the present invention includes the aspects 
described below. A first aspect is a resist composition for an electron beam or EUV, 
15 wherein an organic solvent containing, as the principal component, one or more 

compounds selected from the group consisting of propylene glycol monomethyl ether 
(PGME), methyl amyl ketone (MAX), butyl acetate (BuOAc), and 3-methyl methoxy 
propionate (MMP) is used as the resist solvent. 

A second aspect is a method of forming a resist pattern that includes the steps of 
20 applying a resist composition for an electron beam or EUV according to the 

aforementioned first aspect to a substrate, conducting a prebake, conducting selective 
exposure or direct patterning with an electron beam or EUV in a vacuum, performing 
PEB (post exposure baking), and then conducting alkali developing to form the resist 
pattern. 

25 EFFECTS OF THE INVENTION 



[0007] 

By application of the present invention, contamination within the exposure 
apparatus can be prevented for processes that use an electron beam or EUV. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

FIG. 1 is a graph showing the variation in film thickness relative to heating 
temperature for films obtained in the examples and comparative examples. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0009] 

[Resist Composition] 
First Aspect 

A resist composition of the present invention is a resist composition for an 
electron beam or EUV wherein an organic solvent containing, as the principal component, 
one or more compounds selected from the group consisting of propylene glycol 
monomethyl ether (PGME), methyl amyl ketone (MAK), butyl acetate (BuOAc), and 3- 
methyl methoxy propionate (MMP) is used as the resist solvent. 

Using a resist solvent that contains this type of specific solvent as the principal 
component significantly reduces the occurrence of contaminants under the vacuum state 
conditions required for an exposure system for EUV or an electron beam. The reason for 
this finding is thought to be that these organic solvents tend to be readily volatilized 
under the heating conditions used during an EUV or electron beam exposure process. 
These organic solvents are also preferred from a safety perspective, and are ideal 
industrially. 
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In the first aspect, the object of the invention is achieved regardless of the nature 
of the other components added to the resist composition in addition to the resist solvent, 
including a compound (A) containing acid dissociable, dissolution inhibiting groups, and 
an acid generator (B), which are described below. 
5 [0010] 

In contrast, if propylene glycol monomethyl ether acetate (PGMEA) and ethyl 
lactate (EL) are used, which until now have been the most widely used resist solvents, 
then contaminants are generated from within the resist film, and the object of the present 
invention cannot be achieved. The expression M an organic solvent containing, as the 

1 0 principal component" means that the one or more compounds selected from the group 
consisting of propylene glycol monomethyl ether (PGME), methyl amyl ketone (MAK), 
butyl acetate (BuOAc), and 3 -methyl methoxy propionate (MMP) represent the main 
component of the solvent, and other optional solvents may also be added provided the 
effects of the present invention are retained. 

1 5 Specifically, the proportion within the organic solvent of the one or more 

compounds selected from the group consisting of propylene glycol monomethyl ether 
(PGME), methyl amyl ketone (MAK), butyl acetate (BuOAc), and 3 -methyl methoxy 
propionate (MMP) is typically at least 70% by weight, even more preferably 80% by 
weight or higher, and most preferably 90% by weight or higher. 

20 There are no particular restrictions on the quantity of the organic solvent within 

the resist composition, and the quantity is usually selected so as to yield a concentration 
that enables favorable application of the composition to a substrate or the like, and is 
typically a quantity that produces a solid fraction concentration for the resist composition 
that falls within a range from 2 to 20% by weight, and preferably from 5 to 15% by 

25 weight. 
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[0011] 

Furthermore, in the first aspect, a resist composition that exhibits a first condition, 
wherein a formula (I) shown below is satisfied, is particularly desirable. 
First Condition: 

5 [Film thickness (1) - Film thickness (2)] / (150 - 130) (A/°C) < 0.2 (A/°C) (I) 

« 

[In this formula, the film thickness (1) is the film thickness following application 
of the resist composition to a substrate in sufficient quantity to generate a film thickness 
of 2300 A ±10% and subsequent heating at 130°C for 90 seconds, and the film thickness 
(2) is the film thickness following application of the resist composition to a substrate in 

10 sufficient quantity to generate a film thickness of 2300 A ±10% and subsequent heating 
at 150°C for 90 seconds.] 

If the above formula (I) is satisfied, then contamination within the exposure 
apparatus such as contamination of the mask or mirror can be prevented even in those 
cases where an electron beam or EUV is used, and as a result, stable exposure can be 

15 conducted. In other words, the problem that arises as exposure is continued, wherein a 
phenomenon occurs in which the exposure radiation reaching the substrate weakens, or 
stable exposure becomes impossible, or exposure itself becomes impossible, can be 
resolved. 
[0012] 

20 The value represented by the formula (I) is the gradient of the variation in film 

thickness relative to the temperature, and smaller values for this gradient indicate a 
smaller degree of variation in the film thickness when heated within a range from 130 to 
150°C. The value of the left-hand member of the above formula is typically no more 
than 0.2 (A/°C), preferably no more than 0.15 (A/°C), and even more preferably 0.1 
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(A/°C) or less. The smaller this value is the better, so there is no technical meaning in 
prescribing a lower limit value. 

The reason for specifying heating at temperature conditions of 130°C and 150°C 
is due to consideration of the prebake temperature conditions used in electron beam or 
5 EUV lithography. 

Setting the heating conditions to at least 130°C facilitates the adjustments 
required to obtain favorable resist pattern characteristics such as contrast. Setting the 
temperature conditions to no more than 150°C simply reflects the upper limit temperature 
in terms of the prebake operation and the heating apparatus used in the prebake. 

1 0 The heating conditions in the method of forming a resist pattern described below 

are not restricted to the temperature range from 130 to 150°C, but setting the temperature 
within this range is preferred from the viewpoints of conducting stable exposure and 
obtaining a favorable resist pattern, and in terms of the apparatus and operation 
conditions. 

15 [0013] 

It is surmised that by using a resist composition that satisfies the formula (I), the 
resist film adopts a stable state during prebake with respect to variations in environmental 
conditions such as the temperature or pressure or the like, and even when exposure 
(including selective exposure or direct patterning) is subsequently conducted using an 
20 electron beam or EUV, contaminants are not generated from the resist film, enabling 
contamination within the exposure apparatus to be prevented. As a result, stable 
exposure becomes possible. 

The film thickness was set to a value of 2300 A ±10% based on the types of film 
thickness values used in processes that use an electron beam or EUV. The ±10% enables 
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measurement error to be taken into consideration, and provided the value falls within this 
range, the value can be applied to the criterion determined by the formula (I). 

Setting the heating time to 90 seconds was based on the prebake conditions used 
in typical lithography processes. 
5 [0014] 

Furthermore, in the first aspect, a composition with characteristics that satisfy a 
second condition described below is even more desirable. 
Second Condition: 

The second condition requires that the degree of variation in the total pressure of 
1 0 the atmosphere inside the exposure system between the state prior to exposure and the 
state following exposure is less than 4.0 x 10" 5 Pa. As mentioned above, exposure using 
an electron beam or EUV is conducted within a vacuum, but on exposure, the generation 
of contaminants causes an increase in the pressure inside the exposure system. The 
degree of variation in the aforementioned total pressure is preferably no more than 3.5 x 
15 10* 5 Pa, and even more preferably no more than 3.3 x 10" 5 Pa. The smaller this value is 
the better, so there is no technical meaning in prescribing a lower limit value. In the 
future, reducing this pressure variation to the 10" 7 Pa or 10" 8 Pa level is feasible, and this 
invention includes these types of ultra low pressure levels. 
[0015] 

20 The total pressure refers to the pressure inside the chamber of the exposure 

apparatus system in which the substrate on which the resist film of the resist composition 
has been formed is placed, when the pressure is adjusted to vacuum conditions during 
exposure. 
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A small degree of variation in the total pressure over the period of exposure, as 
required by the second condition, means that materials within the resist composition are 
unlikely to be released into the atmosphere during exposure, that is, are resistant to 
gasification. As a result, by satisfying the second condition, contamination of the mirror 
5 or mask or the like by materials released into the atmosphere during exposure can be 
prevented. 
[0016] 

The conditions for measuring the degree of variation in the total pressure are 
described below. These conditions represent the standard conditions for exposure in an 

10 apparatus that emits EUV or the like using current technology. In the future, there is a 
possibility of further improvements in the degree of vacuum. Currently, if the degree of 
variation satisfies the aforementioned numerical range under these conditions, then the 
object of the present invention can be satisfactorily achieved. Exposure conditions: 
temperature: room temperature (25°C), NewSubaru radiation optical facility at the 

15 Himeji Institute of Technology, pressure: 1 x 10" 7 to 1 x 10" 5 Pa, and preferably 1 x 10' 6 
Pa, heat accumulation current of the ring: 200 mA, exposure wavelength: 13.5 nm, 
exposure time: 60 seconds, resist film thickness: 100 nm. 

The inside of the exposure system is designed so as to maintain the pressure at the 
above value, but as described above, when exposure is conducted, the pressure inside the 

20 exposure system increases as a result of contaminant generation. The "degree of 

variation in the total pressure of the atmosphere inside the exposure system between the 
state prior to exposure and the state following exposure" defined in the second condition 
can be determined by calculating the difference between the two values. In other words, 
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the degree of variation can be determined by subtracting the pressure within the system 
immediately prior to exposure from the pressure in the system following exposure. 
[0017] 

In the first aspect, a composition that satisfies both the first condition and the 
5 second condition is particularly preferred. 
[0018] 

There are no particular restrictions on the other components within a resist 
composition of the present invention, but because a resist composition used in an electron 
beam or EUV process is typically a chemically amplified composition, the composition 
10 typically includes a compound (A) containing acid dissociable, dissolution inhibiting 
groups, and an acid generator (B). 

As the component (A), either one, or a mixture of two or more compounds 
typically used for chemically amplified resists can be used. 

As the component (A), polymer compounds such as the resin (A-l) described 
1 5 below, and lower molecular weight compounds (A-2) described below can be usedL 
[0020] 

Resin Component (A- 1 ) 

Either an alkali-soluble resin or a resin that can be converted to an alkali-soluble 
form can be used. The former represents a so-called negative resist composition, and the 
20 latter represents a so-called positive resist composition. A resist composition of the 
present invention is preferably a positive composition. 

In the case of a negative composition, the resist composition also contains a 
cross-linking agent as well as the component (B). Then, during formation of the resist 
pattern, when acid is generated from the component (B) by exposure, the action of this 
25 acid causes cross-linking to occur between the component (A) and the cross-linking 
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agent, thereby causing the component (A) to become insoluble in alkali. As the cross- 
linking agent, typically an amino-based cross-linking agent such as a melamine resin, 

■ 

urea, or glycoluril with methylol groups or alkoxylmethyl groups is used. 

In the case of a positive composition, the component (A) is an alkali-insoluble 
5 resin that contains so-called acid dissociable, dissolution inhibiting groups, and when 
acid is generated from the component (B) upon exposure, this acid causes the acid 
dissociable, dissolution inhibiting groups to dissociate, making the component (A) alkali- 
soluble. 
[0021] 

10 As the component (A-l), hydroxy styrene-based resins and resins containing 

structural units derived from a (meth)acrylate ester can be used, although regardless of 
whether the composition is a positive or negative composition, the resin preferably 
contains structural units derived from a (meth)acrylate ester. 

In this description, the term f, (meth)acrylic acid" is a generic term that includes 

15 both methacrylic acid and acrylic acid. Similarly, the term "(meth)acrylate" is a generic 
term that includes both methacrylate and acrylate. Furthermore, the term "structural 
unit" refers to a monomer unit that contributes to the formation of a polymer. The 
expression "structural unit derived from a (meth)acrylate ester" refers to a structural unit 
that is formed by the cleavage of the ethylenic double bond of the (meth)acrylate ester, 

20 and is hereafter also referred to as a (meth)acrylate structural unit. 
[0022] 

Resin Component (A- 1 ) 

There are no particular restrictions on preferred resin components for the resin 
component (A-l), although the two resin types described below (both positive resins) are 
25 examples of preferred resins. 
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- First Example Resin Component 

The first example contains structural units (al) through (a4) described below. 

This resin undergoes an increase in alkali solubility under the action of acid. In 
other words, the action of the acid generated from the acid generator upon exposure 
causes cleavage within the structural units (a2) and (a3) described below, and this causes 
the resin, which was initially insoluble in an alkali developing solution, to undergo an 
increase in alkali solubility. 

As a result, exposure and developing can be used to obtain a chemically amplified 
positive resist pattern. 
[0023] 

- Structural Unit (al) 

The structural unit (al) is represented by a general formula (I) shown below. 

[0024] 

[Formula 1] 



R 




(wherein, R represents -H or -CH3) 
[0025] 

Provided R represents either -H or -CH3, there are no particular restrictions. 
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There are no particular restrictions on the bonding position of the -OH group to 
the benzene ring, although the position labeled 4 in the formula (the para position) is 
preferred. 

The quantity of the structural unit (al) within the resin is preferably within a 
5 range from 40 to 80 mol%, and even more preferably from 50 to 75 mol%. By ensuring 
that this quantity is at least 40 mol%, the solubility of the resin in the alkali developing 
solution can be improved, and a favorable improvement in the resist pattern shape can 
also be obtained, whereas ensuring the quantity is no more than 80 mol% enables a 
favorable balance to be achieved with the other structural units. 
10 [0026] 

- Structural Unit (a2) 

The structural unit (a2) is represented by a general formula (II) shown below. 

[0027] 

[Formula 2] 




(wherein, R represents -H or -CH 3 , and X represents an acid dissociable, dissolution 

inhibiting group) 

[0028] 

Provided R represents either -H or -CH 3 , there are no particular restrictions. 
20 Examples of the acid dissociable, dissolution inhibiting group X include alkyl 

groups with a tertiary carbon atom in which the tertiary carbon atom is bonded to the 
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ester group (-C(O)O-), as well as cyclic acetal groups such as a tetrahydropyranyl group 
and tetrahydrofuranyl group. 

When acid is generated from the acid generator on exposure, the acid dissociable, 
dissolution inhibiting group dissociates from the unit (a2) under the action of the acid, 
5 thereby converting the structural unit (a2) to a (meth)acrylic acid structural unit [the term 
M (meth)acrylic acid structural unit is a generic term including a methacrylic acid 
structural unit and an acrylic acid structural unit], and as a result, improving the solubility 
of the resin in an alkali developing solution. 

In addition to the groups described above, this type of acid dissociable, 
10 dissolution inhibiting group, namely the group X, can use any of the groups typically 
used within chemically amplified positive resist compositions. 
[0029] 

Examples of preferred forms of the structural unit (a2) include the units 
represented by the general formula shown below in [formula 3]. 
15 [0030] 

[Formula 3] 




[0031] 
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In this formula, R is as defined above, R u , R 12 and R 13 each represent, 
independently, a lower alkyl group (which may be a straight-chain or branched group, 
and preferably contains from 1 to 5 carbon atoms). Furthermore, two of these groups 
may also be bonded together to form a monocyclic or polycyclic alicyclic group (in 
5 which the number of carbon atoms within the alicyclic group is preferably from 5 to 12). 
[0032] 

In those cases where the structural unit does not include an alicyclic group, units 
in which R 11 , R 12 and R 13 all represent methyl groups are preferred. 
[0033] 

10 In those cases where the (a2) unit includes an alicyclic group, then in the case of a 

monocyclic alicyclic group, (a2) units containing a cyclopentyl group or cyclohexyl 

group or the like are preferred. 

Furthermore, in the case of a polycyclic alicyclic group, examples of preferred 

units include those represented by general formulas shown below in [formula 4] and 
15 [formulas]. 

[0034] 

[Formula 4] 




[0035] 
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[wherein, R is as defined above, and R represents a lower alkyl group (which may be a 
straight-chain or branched group, and preferably contains from 1 to 5 carbon atoms)] 
[0036] 

[Formula 5] 



R 




5 

[wherein, R is as defined above, and R 15 and R 16 each represent, independently, a lower 
alkyl group (which may be a straight-chain or branched group, and preferably contains 
from 1 to 5 carbon atoms)] 
[0038] 

10 The quantity of the structural unit (a2) within the resin is typically within a range 

from 5 to 30 mol%, and preferably from 10 to 20 mol%. By ensuring this quantity is at 
least 5 mol%, an increased level of alkali solubility can be obtained following 
dissociation, and a favorable improvement in the resist pattern shape can also be obtained, 
whereas ensuring the quantity is no more than 30 mol% enables a favorable balance to be 

1 5 achieved with the other structural units, and also enables easier control of the solubility 
of the resin in an alkali developing solution. 
[0039] 
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- Structural Unit (a3) 

The structural unit (a3) is represented by a general formula (III) shown below. 

[0040] 

[Formula 6] 

R 




(wherein, R and R 1 each represent, independently, -H or -CH3, R 2 represents -CH3 or - 

C2H5, and R represents a lower alkyl group) 

[0041] 

The lower alkyl group R may be either a straight chain or a branched chain, and 
preferably contains from 1 to 5 carbon atoms. 

There are no particular restrictions on the bonding position of the group bonded to 
the benzene ring, although the position labeled 4 in the formula (the para position) is 
preferred. 

Suitable examples of the group bonded to the benzene ring include a 1 - 
methoxyethoxy group, 1 -ethoxyethoxy group, 1 -n-propoxyethoxy group, 1 - 
isopropoxyethoxy group, 1 -n-butoxyethoxy group, 1-isobutoxyethoxy group, 1-(1,1- 
dimethylethoxy)- 1 -methy lethoxy group, 1 -methoxy- 1 -methylethoxy group, 1-ethoxy-l- 
methylethoxy group, 1 -n-propoxy- 1 -methylethoxy group, 1 -isobutoxy- 1 -methylethoxy 
group, 1 -methoxy-n-propoxy group, and 1 -ethoxy-n-propoxy group. 
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Of these, a 1 -ethoxyethoxy group and a 1 -methoxy-n-propoxy group are preferred, 
and a 1 -ethoxyethoxy group is the most desirable. 
[0042] 

The quantity of the structural unit (a3) within the resin is preferably within a 
range from 10 to 50 mol%, and even more preferably from 20 to 40 mol%. By ensuring 
this quantity is at least 10 mol%, an increased level of alkali solubility can be obtained 
following dissociation, and a favorable resist pattern shape can also be obtained, whereas 
ensuring the quantity is no more than 50 mol% enables a favorable balance to be 
achieved with the other structural units. 
[0043] 

— Structural Unit (a4) 

The structural unit (a4) is represented by a general formula (IV) shown below. 

[0044] 

[Formula 7] 



R 




(wherein, R represents -H or -CH 3 , R 4 represents a lower alkyl group, and n represents 

either 0 or an integer from 1 to 3) 

[0045] 

The lower alkyl group R 4 may be either a straight chain or a branched chain, and 
preferably contains from 1 to 5 carbon atoms. 

n is either 0 or an integer from 1 to 3, but is preferably 0. 
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[0046] 

The quantity of the structural unit (a4) within the resin component is preferably 
within a range from 1 to 35 mol%, and even more preferably from 5 to 20 mol%. By 
ensuring this quantity is at least 1 mol%, the level of improvement in the shape (and 
5 particularly the improvement in thickness loss described below) is enhanced, whereas 
ensuring the quantity is no more than 35 mol% enables a favorable balance to be 
achieved with the other structural units. 
[0047] 

The resin may use either a copolymer that contains all of the aforementioned 
10 structural units (al), (a2), (a3) and (a4), or a mixture of polymers that each contain one or 
more of these units. A combination of these two options is also possible. 
[0048] 

Furthermore, the resin component (A-l) may also contain other optional units in 
addition to the above structural units (al), (a2), (a3) and (a4), although the proportion of 
15 the resin component accounted for by these four structural units is preferably at least 80 
mol%, and even more preferably 90 mol% or more, and is most preferably 1 00 mol%. 
[0049] 

Furthermore, in the positive resist composition resin, the use of a copolymer (1) 
that contains the aforementioned structural units (al) and (a3), or a copolymer (2) that 
20 contains the aforementioned structural units (al), (a2) and (a4), or the use of a mixture of 
these two copolymers readily produces the desired effects, and is consequently the most 
preferred configuration for the resin. This configuration is also preferred in terms of 
improving the heat resistance. 
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In the case where the copolymers are mixed, the weight ratio between the 
copolymer (1) and the copolymer (2) is typically within a range from 1/9 to 9/1, and is 
preferably from 3/7 to 7/3. 
[0050] 

5 The polystyrene equivalent weight average molecular weight of the resin, 

determined using GPC, is preferably within a range from 3,000 to 30,000, and even more 
preferably from 5,000 to 20,000. 

The resin can be obtained by polymerization of the monomers for the 
aforementioned structural units using known methods. 
10 [0051] 

- Second Example Resin Component 

The resin of the second example is a resin component that contains polycyclic 
group-containing acid dissociable, dissolution inhibiting groups at ester side chain 
sections, contains structural units derived from a (meth)acrylate ester within the principal 
1 5 chain, and exhibits increased alkali solubility under the action of acid. 

In this resin, the action of the acid generated from the aforementioned component 
(B) on exposure causes the aforementioned polycyclic group-containing acid dissociable, 
dissolution inhibiting groups, which exhibit excellent etching resistance, to dissociate, 
thereby converting the entire resin component from an alkali-insoluble state to an alkali- 
20 soluble state. As a result, by conducting exposure through a mask pattern during 

formation of a resist pattern, the alkali solubility of the exposed portions can be increased, 
enabling alkali developing to be conducted. 

Furthermore, this resin component may include, for example, a combination of 
monomer units that exhibit a plurality of different functions, although the aforementioned 
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methacrylate ester structural units or acrylate ester structural units may also be included 
within any of the monomer units used in forming the resin component. 
For example, the resin component preferably includes: 

- a structural unit which contains a polycyclic group-containing acid dissociable, 
dissolution inhibiting group, and is derived from a (meth)acrylate ester (hereafter also 
referred to as the first structural unit), 

- a structural unit which contains a lactone-containing monocyclic or polycyclic group, 
and is derived from a (meth)acrylate ester (hereafter also referred to as the second 
structural unit), and 

- a structural unit which contains a hydroxyl group-containing polycyclic group, and is 
derived from a (meth)acrylate ester (hereafter also referred to as the third structural unit). 

In such cases, the first structural unit is essential, and although resins containing 
two types of structural units, namely the first structural unit and either the second 
structural unit or third structural unit are suitable, resin components containing all of the 
first through third structural units are preferred in terms of factors such as etching 
resistance, resolution, and the adhesion between the resist film and the substrate. 

In addition, if the resin component also includes the following structural unit 
(hereafter also referred to as the fourth structural unit or the structural unit (a 14)), then 
the composition exhibits superior resolution for isolated patterns through to semi-dense 
patterns (line and space patterns in which for a line width of 1 , the space width is from 
1 .2 to 2), which is preferred. 

- a structural unit which contains a polycyclic group that is different from the polycyclic 
group-containing acid dissociable, dissolution inhibiting group of the first structural unit, 
the lactone-containing monocyclic or polycyclic group of the second structural unit, and 
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the hydroxyl group-containing polycyclic group of the third structural unit, and is derived 
from a (meth)acrylate ester. 

Accordingly, the combination of the first through fourth structural units can be 
adjusted appropriately in accordance with factors such as the desired characteristics. 
5 [0052] 

The resin component preferably includes either one, or both of a structural unit 
(al 1) which contains a polycyclic group-containing acid dissociable, dissolution 
inhibiting group, and is derived from an acrylate ester, and a structural unit (al V) which 
contains a polycyclic group-containing acid dissociable, dissolution inhibiting group, and 

10 is derived from a methacrylate ester. 

In a preferred resin component, by including both the aforementioned structural 
unit (al 1) and the aforementioned structural unit (al 1') as structural units which contain a 
polycyclic group-containing acid dissociable, dissolution inhibiting group, and are 
derived from a (meth)acrylate ester, a resolution improvement effect can be obtained. 

15 If both structural units are included, then the molar ratio structural units (al 1) : 

structural units (al 1') is preferably 0.4 to 2.5, and even more preferably 0.6 to 1.5, as 
such ratios yield superior compatibility between the polymer containing the structural 
units (all) and the polymer containing the structural units (al V). 
[0053] 

20 Furthermore, the resin component preferably includes either one, or both of a 

structural unit (a 12) which contains a lactone-containing monocyclic or polycyclic group, 
and is derived from an acrylate ester, and a structural unit (al2*) which contains a 
lactone-containing monocyclic or polycyclic group, and is derived from a methacrylate 
ester. 
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In a preferred resin component, the structural unit which contains a lactone- 
containing monocyclic or polycyclic group, and is derived from a (meth)acrylate ester 
preferably includes both the aforementioned structural unit (a 12) and the aforementioned 
structural unit (a 12'). 

If both structural units are included, then the molar ratio structural units (a 12) : 
structural units (al2*) is preferably within a range from 0.2 to 5.0, and even more 
preferably 0.6 to 1.5, as such ratios yield superior compatibility between the polymer 
containing the structural units (al2) and the polymer containing the structural units (al2 f ). 
[0054] 

In addition, the resin component preferably includes either one, or both of a 
structural unit (al3) which contains a hydroxyl group-containing polycyclic group, and is 
derived from an aery late ester, and a structural unit (a 13') which contains a hydroxyl 
group-containing polycyclic group, and is derived from a methacrylate ester. 

In a preferred resin component, the structural unit which contains a hydroxyl 
group-containing polycyclic group, and is derived from a (meth)acrylate ester preferably 
includes both the aforementioned structural unit (al3) and the aforementioned structural 
unit (al3 f ). 

If both structural units are included, then the molar ratio structural units (al3) : 
structural units (al3') is preferably within a range from 0.2 to 5.0, and even more 
preferably 0.6 to 1.5, as such ratios yield superior compatibility between the polymer 
containing the structural units (al3) and the polymer containing the structural units (al3'). 
[0055] 

Furthermore, amongst the three sets of structural units, namely the set of the 
structural units (al 1) and (a IT), the set of the structural units (al2) and (al2') 5 and the set 
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of the structural units (al3) and (al3')» the resin preferably includes at least two of these 

sets, and most preferably includes all three sets. 

[0056] 

In the structural units (al 1) and (al T), examples of the poly cyclic group include 
5 groups in which one hydrogen atom has been removed from a bicycloalkane, 
tricycloalkane or tetracycloalkane or the like. 

Specific examples include groups in which one hydrogen atom has been removed 
from a polycycloalkane such as adamantane, norbornane, isobornane, tricyclodecane or 
tetracyclododecane. 

10 These types of polycyclic groups can be appropriately selected from the multitude 

of groups proposed for resins for use within ArF resists. 

Of these groups, an adamantyl group, norbornyl group, or tetracyclododecanyl 
group is preferred from an industrial viewpoint. 

Furthermore, the acid dissociable, dissolution inhibiting group can use any group, 
1 5 without any particular restrictions, which exhibits an alkali dissolution inhibiting effect 
that renders the entire resin component alkali-insoluble prior to exposure, but then 
dissociates under the action of acid generated from the acid generator (B) following 
exposure, causing the entire resin component to become alkali-soluble. 

Typically, groups that form a cyclic or chain-like tertiary alkyl ester with the 
20 carboxyl group of the (meth)acrylic acid are the most widely known. 
[0057] 

There are no particular restrictions on the structural units (al 1) and (al T), 
provided they exhibit this type of action, although in either one or both (and preferably in 
both) of the structural units (al 1) and (al 1'), the polycyclic group-containing acid 
25 dissociable, dissolution inhibiting group is preferably selected from the general formulas 
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(I-B), (II-B), and (III-B) shown below, as such groups yield superior levels of resolution 

and dry etching resistance. 

[0058] 

[Formula 8] 




•••(I-B) 



(wherein, R 1 represents a lower alkyl group) 
[0059] 

[Formula 9] 




-••(I-B) 



(wherein, R 2 and R 3 each represent, independently, a lower alkyl group) 
[0060] 

[Formula 10] 



COOR 4 ' • • -(III-B) 
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(wherein R 4 represents a tertiary alkyl group) 
[0061] 

Specifically, either one or both (and preferably both) of the structural units (all) 
and (al V) are preferably one or more units selected from the general formulas (T), (IF), 
and (III 1 ) shown below. 
[0062] 

[Formula 1 1 ] 



R 




(wherein, R represents a hydrogen atom or a methyl group, and R 1 represents a lower 
alkyl group, so that when R is a hydrogen atom, the unit becomes the structural unit (al 1), 
and when R is a methyl group, the unit becomes the structural unit (all 1 )) 
[0063] 

[Formula 12] 
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R 




(wherein, R represents a hydrogen atom or a methyl group, and R and R each represent, 
independently, a lower alkyl group, so that when R is a hydrogen atom, the unit becomes 
the structural unit (al 1), and when R is a methyl group, the unit becomes the structural 
unit (air)) 
[0064] 

[Formula 13] 




(wherein, R represents a hydrogen atom or a methyl group, and R 4 represents a tertiary 
alkyl group, so that when R is a hydrogen atom, the unit becomes the structural unit (al 1), 
and when R is a methyl group, the unit becomes the structural unit (al 1 ')) 
[0065] 
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The structural unit represented by the above general formula (I 1 ) represents the 
case wherein the carbon atom that is adjacent to the oxygen atom (-O-) of the ester 
function of the (meth)acrylate unit is a tertiary alkyl group that exists within the ring 
skeleton of an adamantyl group or the like. 

Furthermore, in the aforementioned general formulas (I-B) and (T), R is a 
hydrogen atom or a methyl group. 

Furthermore, the group R 1 is preferably a straight-chain or branched lower alkyl 

♦ 

group of 1 to 5 carbon atoms, and specific examples include a methyl group, ethyl group, 
propyl group, isopropyl group, n-butyl group, isobutyl group, tert-butyl group, pentyl 
group, isopentyl group, and neopentyl group. Of these, an alkyl group of at least 2 
carbon atoms, and preferably from 2 to 5 carbon atoms is preferred, and in such cases, 
the acid dissociability tends to increase compared with the case in which R 1 is a methyl 
group. From an industrial viewpoint, a methyl group or ethyl group is preferred, 
[0066] 

The structural unit represented by the above general formula (IF) represents the 
case wherein the carbon atom that is adjacent to the oxygen atom (-O-) of the ester 
function of the (meth)acrylate unit is a tertiary alkyl group, and a ring skeleton such as an 
adamantyl group exists within this tertiary alkyl group. 

In the aforementioned general formulas (II-B) and (IF), R is as defined above for 
the general formulas (I-B) and (T). 

The groups R and R each preferably represent, independently, a lower alkyl 
group of 1 to 5 carbon atoms. These types of groups tend to exhibit a higher acid 
dissociability than a 2-methyl-2-adamantyl group. 

Specifically, the groups R and R each represent, independently, the same types 
of straight chain or branched lower alkyl groups as those described above for R 1 . Of 
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these groups, the case in which R and R are both methyl groups is preferred 

industrially. 

[0067] 

The structural unit represented by the above general formula (IIP) represents the 
5 case wherein the carbon atom that is adjacent to the oxygen atom (-O-) of a separate ester 
from the ester function of the (meth)acrylate unit is a tertiary alkyl group, and the 
(meth)acrylate ester and this separate ester are connected via a ring skeleton such as a 
tetracyclododecanyl group. 

In the aforementioned general formulas (III-B) and (III'), R is as defined above 
10 for the general formulas (V) and (IF). 

Furthermore, the group R 4 represents a tertiary alkyl group such as a tert-butyl 
group or tert-amyl group, although the case in which R 4 is a tertiary alkyl group of either 
4 or 5 carbon atoms is preferred, and a tert-butyl group is preferred industrially. 
[0068] 

1 5 Of the units described above, the use of either a unit represented by one of the 

general formulas (T) or (IF), or units represented by both general formulas (and 
preferably units of both formulas) is preferred, and moreover, the case in which R 1 is a 
methyl group or an ethyl group, and R 2 and R 3 are both methyl groups provides superior 
resolution, and is consequently preferred. 

20 [0069] 

In the aforementioned structural units (al2) and (al2'), the lactone functional 
group is effective in improving the adhesion between the resist film and the substrate, 
and increasing the hydrophilicity relative to the developing solution. 



i 



30 

There are no particular restrictions on the structural units (al2) and (al2*), 
provided they include both this type of lactone functional group and a monocyclic or 
polycyclic group. 

Examples of lactone-containing monocyclic groups include groups in which one 
hydrogen atom has been removed from y-butyrolactone. 

Furthermore, examples of lactone-containing polycyclic groups include groups in 
which one hydrogen atom has been removed from lactone-containing bicycloalkanes of 
the structural formulas shown below. 
[0070] 

[Formula 14] 




[0071] 

Furthermore, in either one or both (and preferably in both) of the structural units 
(a 12) and (a 12'), the aforementioned lactone-containing monocyclic or polycyclic group 
is preferably one or more units groups from the general formulas (IV-B) and (V-B) 
shown below. 



[0072] 

[Formula 15] 
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•••W-B) 



•••(V-B) 



[0073] 

As the structural units (al2) and (al2') 5 more specific examples include structural 
units derived from a (meth)acrylate ester containing a lactone-containing monocycloalkyl 
group or bicycloalkyl group, as represented by the structural formulas shown below. 
[0074] 

[Formula 16] 



R 
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(wherein, R is as defined above) 



[0075] 



[Formula 17] 




5 (wherein, R is as defined above) 



[0076] 



[Formula 18] 



R 

H / 

H h 

c/ 



0 



(wherein, R is as defined above) 
10 [0077] 
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Of these units, y-butyrolactone esters of (meth)acrylic acid with an ester linkage 
at the a carbon atom or norbornane lactone esters are particularly preferred in terms of 
industrial availability. 
[0078] 

5 Because the hydroxyl group of the structural units (al3) and (al3') is a polar 

group, using these structural units results in an enhanced affinity for the entire resin 
component relative to the developing solution, and an improvement in the alkali 
solubility of the exposed sections of the resist. Accordingly, the structural units (al3) 
and (al3') contribute to an improvement in the resolution. 
10 In the structural units (al3) and (al3 r ), as the polycyclic group, a group can be 

selected appropriately from the same plurality of polycyclic groups listed in the 
description of the aforementioned structural units (al 1) and (all'). 

In the structural units (a!3) and (al3 f ) there are no particular restrictions on the 
polycyclic group provided it is a hydroxyl group-containing polycyclic group, although 
1 5 groups such as a hydroxyl group-containing adamantyl group are particularly desirable. 

In addition, using a hydroxyl group-containing adamantyl group represented by a 
general formula (VI-B) shown below increases the dry etching resistance and improves 
the verticalness of the pattern cross-sectional shape, and is consequently preferred. 
[0079] 

20 [Formula 19] 
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•••(VI-B) 



Specifically, either one or both (and preferably both) of the structural units (al3) 
and (al3*) are preferably structural units represented by a general formula (VT) shown 
below. 
5 [0080] 

[Formula 20] 



R 




(wherein, R is as defined above) 
[0081] 

10 If the combination of the structural unit (al 1) and the structural unit (al 1 ') 

accounts for 30 to 60 mol%, and preferably from 30 to 50 mol%, of the combined total of 
all the structural units that constitute the aforementioned resin component, then the 
resolution is superior, which is preferred. 
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Furthermore, if the combination of the structural unit (a 12) and the structural unit 
(al2') accounts for 20 to 60 mol%, and preferably from 20 to 50 mol%, of the combined 
total of all the structural units that constitute the aforementioned resin component, then 
the resolution is superior, which is preferred. 
5 Furthermore, if the combination of the structural unit (al 3) and the structural unit 

(a 13') accounts for 1 to 50 mol%, and preferably from 20 to 40 mol%, of the combined 
total of all the structural units that constitute the aforementioned resin component, then 
the resist pattern shape is superior, which is preferred. 
[0082] 

10 In addition, as this type of copolymer (11), a copolymer (i) described below 

offers excellent resolution, and is consequently preferred. 

Copolymer (i): a copolymer that contains the structural unit (al T), the structural 
unit (al2'), and the structural unit (al3). 

In this copolymer (i), from the viewpoints of achieving favorable resolution and 

15 resist pattern shape, the structural unit (a IT) preferably accounts for 30 to 60 mol%, and 
even more preferably from 30 to 50 mol%, the structural unit (al2') preferably accounts 
for 20 to 60 mol%, and even more preferably from 20 to 50 mol%, and the structural unit 
(al3) preferably accounts for 1 to 50 mol%, and even more preferably from 20 to 40 
mol%, of the combination of these structural units (al T), (al2 f ), and (al3). 

20 [0083] 

As a mixed resin (12), a mixed resin containing a copolymer (ii) described below 
and a copolymer (iii) described below enables a balanced improvement in the etching 
resistance (the surface roughness) and the resolution, and is consequently preferred. 
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Copolymer (ii): a copolymer that contains from 30 to 60 mol% of the structural 
unit (al 1), from 20 to 60 mol% of the structural unit (al2), and from 1 to 50 mol%, and 
preferably from 5 to 40 mol%, of the structural unit (al3). 

Copolymer (iii): a copolymer that contains from 30 to 60 mol% of the structural 
5 unit (al 1'), from 20 to 60 mol% of the structural unit (a 12'), and from 1 to 50 mol%, and 
preferably from 5 to 40 mol%, of the structural unit (al3 f ). 

Furthermore, in this mixed resin, the weight ratio between the copolymer (ii) and 
the copolymer (iii) is preferably within a range from 80:20 to 20:80. 
[0084] 

10 Moreover, in the copolymers (ii) and (iii), the inclusion of the structural unit (al3) 

or the structural unit (al3') respectively is optional. 

However, if either one or both (and preferably both) of the structural unit (al3) 

and the structural unit (al3 f ) are included, then because the hydroxyl group is a polar 

group, as described above, the entire resin component exhibits enhanced affinity relative 
15 to the developing solution, and the alkali solubility of the exposed portions improves, 

contributing to a favorable improvement in the resolution. 

[0085] 

Furthermore, as the mixed resin (12), a mixed resin of the aforementioned 
copolymer (i) and the copolymer (ii) also enables a balanced improvement in both the 
20 etching resistance (the surface roughness) and the resolution, and is consequently 
preferred. 
[0086] 

Furthermore, in this mixed resin, the weight ratio between the copolymer (i) and 
the copolymer (ii) is preferably within a range from 80:20 to 20:80. 
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In the copolymer (ii), as described above, the inclusion of the structural unit (13) 
is optional, although including the structural unit (13) contributes to an improvement in 
the resolution, and is consequently preferred. 

Furthermore, as the aforementioned copolymer (1 1), a copolymer (iv) described 
5 below also exhibits excellent resolution and minimal surface roughness during etching, 
and is composition preferred. 

Copolymer (iv): a copolymer that contains from 30 to 60 mol%, and preferably 
from 30 to 50 mol% of the structural unit (all 1 ), from 20 to 60 mol%, and preferably 
from 20 to 50 mol% of the structural unit (a 12), and from 1 to 50 mol%, and preferably 
1 0 from 20 to 40 mol%, of the structural unit (al 3). 
[0087] 

Furthermore, as described above, the resin component preferably also includes, as 
the aforementioned fourth structural unit, a structural unit [the structural unit (a 14)] 
which contains a polycyclic group that is "different from the aforementioned polycyclic 
1 5 group-containing acid dissociable, dissolution inhibiting group, the aforementioned 
lactone-containing monocyclic or polycyclic group, and the aforementioned hydroxyl 
group-containing polycyclic group", and is derived from a (meth)acrylate ester. 
[0088] 

The expression "different from the aforementioned polycyclic group-containing 
20 acid dissociable, dissolution inhibiting group, the aforementioned lactone-containing 
monocyclic or polycyclic group, and the aforementioned hydroxyl group-containing 
polycyclic group" means that the polycyclic group of the structural unit (al4) does not 
duplicate the polycyclic group-containing acid dissociable, dissolution inhibiting group 
of the first structural unit, the lactone-containing monocyclic or polycyclic group of the 
25 second structural unit, or the hydroxyl group-containing polycyclic group of the third 
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structural unit, meaning, in other words, that the structural unit (a 14) contains no 
polycyclic group-containing acid dissociable, dissolution inhibiting groups of the first 
structural unit, no lactone-containing monocyclic or polycyclic groups of the second 
structural unit, and no hydroxyl group-containing polycyclic groups of the third structural 
5 unit. 

There are no particular restrictions on this polycyclic group, provided it is 
selected so as not to duplicate any of the first through third structural units within a single 
resin component. For example, the same polycyclic groups as those described in relation 
to the aforementioned structural units (al 1) and (a IT) can be used, and any of the 
10 multitude of materials conventionally used for ArF positive resist materials can be used. 

From the viewpoint of industrial availability, one or more groups selected from 
amongst a tricyclodecanyl group, adamantyl group, and tetracyclododecanyl group is 
preferred. 
[0089] 

15 Within a single resin component, the structural unit (a 14) may include either one, 

or both of a unit derived from an aery late ester and a unit derived from a methacrylate 
ester. 

Specifically, the structural unit (a 14) may be used as a unit for forming the 
aforementioned copolymer (1 1), or as one or more of the structural units for one or more 
20 of the resins used for forming the mixed resin (12), although from the viewpoint of the 
effects achieved, the structural unit (a 14) is preferably used together with the 
aforementioned first through third structural units, as one unit within a copolymer. 
[0090] 

Examples of the structural unit (a 14) are shown below in [formula 21] through 
25 [formula 23]. 



[0091] 

[Formula 21] 
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R 




(wherein, R represents a hydrogen atom or a methyl group) 
5 [0092] 

[Formula 22] 

R 




10 



(wherein, R represents a hydrogen atom or a methyl group) 
[0093] 

[Formula 23] 
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(wherein, R represents a hydrogen atom or a methyl group) 
[0094] 

If the structural unit (al4) typically accounts for 1 to 25 mol%, and preferably 
from 1 0 to 20 mol%, of the combined total of all the structural units that constitute the 
aforementioned resin component, then the resolution for isolated patterns through to 
semi-dense patterns is superior, which is preferred. 
[0095] 

Furthermore, in those cases where the structural unit (a 14) is included, if the 
aforementioned copolymer (1 1) is a copolymer (v) described below, then in addition to 
the effects of the aforementioned (a4) units, the surface roughness during etching and the 
line edge roughness can also be improved favorably. 

Copolymer (v): a copolymer that contains the structural unit (al T), the structural 
unit (al2), the structural unit (al3), and the structural unit (al4). 

Furthermore, in this copolymer (v), from the viewpoint of achieving favorable 
resolution and resist pattern shape, the structural unit (all 1 ) typically accounts for 30 to 
60 mol%, and preferably from 30 to 50 mol%, the structural unit (al2) typically accounts 
for 20 to 60 mol%, and preferably from 20 to 50 mol%, the structural unit (al3) typically 
accounts for 1 to 30 mol%, and preferably from 10 to 20 mol%, and the structural unit 
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(a 14) typically accounts for 1 to 25 mol%, and preferably from 10 to 20 mol% of the 

combination of these structural units (a IT), (al2), (al3), and (al4). 

[0096] 

Furthermore, if the aforementioned mixed resin ( 1 2) is a mixed resin of the 
5 aforementioned copolymer (iv) and the copolymer (v), then the resolution of an isolated 
space pattern (trench) can be improved favorably. 

In this mixed resin, the weight ratio between the copolymer (iv) and the 
copolymer (v) is preferably within a range from 80:20 to 20:80. 
[0097] 

10 Moreover, in the copolymers (iv) and (v), the inclusion of the structural unit (al3) 

or the structural unit (al3 f ) respectively is optional. 

However, if either one or both (and preferably both) of the structural unit (al3) 

and the structural unit (a 13') are included, then because the hydroxyl group is a polar 

group, as described above, the entire resin component exhibits enhanced affinity relative 
15 to the developing solution, and the alkali solubility of the exposed portions improves, 

contributing to a favorable improvement in the resolution. 

[0098] 

Although there are no particular restrictions on the weight average molecular 
weight of the copolymer that constitutes the resin component, or the polymers that 

20 constitute the mixed resin, the value is preferably within a range from 5,000 to 30,000, 
and even more preferably from 8,000 to 20,000. If the weight average molecular weight 
is larger than this range, then there is a danger that the solubility of the component within 
the resist solvent deteriorates, whereas if the value is smaller than the above range, there 
is a danger of a deterioration in the cross-sectional shape of the resist pattern. 

25 [0099] 
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The copolymer or the polymers that constitute the mixed resin can be produced 
easily by conventional radical polymerization or the like of the corresponding 
(meth)acrylate ester monomers and the like, using a radical polymerization initiator such 
as azobisisobutyronitrile (AIBN). 
5 [0100] 

Low Molecular Weight Compound (A-2) 

There are no particular restrictions on the low molecular weight compound (A-2), 
provided it is of low molecular weight, and contains the type of acid dissociable, 
dissolution inhibiting group described above in relation to (A-l). Examples of the low 

1 0 molecular weight compound typically include compounds with a molecular weight of no 
more than 2,000, wherein a portion of the hydrogen atoms of hydroxyl groups within a 
compound containing a plurality of phenol structures have been substituted with an 
aforementioned acid dissociable, dissolution inhibiting group. Examples of such 
compounds include compounds wherein a portion of the hydrogen atoms of the hydroxyl 

1 5 groups within the low molecular weight phenol compounds known as sensitizers or heat 
resistance improvement agents within non-chemically amplified g-line and i-line resists 
have been substituted with an acid dissociable, dissolution inhibiting group, and any of 
these compounds can be used. 

Examples of these low molecular weight phenol compounds include the 

20 compounds listed below. 

Namely, examples include bis(4-hydroxyphenyl)methane, bis(2,3,4- 
trihydroxyphenyl)methane, 2-(4-hydroxyphenyl)-2-(4'-hydroxyphenyl)propane, 2-(2,3,4- 
trihydroxyphenyl)-2-(2 , ,3 , ,4 -trihydroxyphenyl)propane, tris(4-hydroxyphenyl)methane, 
bis(4-hydroxy-3,5-dimethylphenyl)-2-hydroxyphenylmethane, bis(4-hydroxy-2,5- 

25 dimethylphenyl)-2-hydroxyphenylmethane, bis(4-hydroxy-3,5-dimethylphenyl)-3,4- 
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dihydroxyphenylmethane, bis(4-hydroxy-2,5-dimethylphenyl)-3,4- 
dihydroxyphenylmethane, bis(4-hydroxy-3-methylphenyl)-3 9 4-dihydroxyphenylmethane, 
bis(3-cyclohexyl-4-hydroxy-6-methylphenyl)-4-hydroxyphenylmethane, bis(3- 
cyclohexyl-4-hydroxy-6-methy lpheny l)-3 ,4-dihydroxyphenylmethane, 1 -[ 1 -(4- 
5 hydroxyphenyl)isopropyl]-4-[ 1 , 1 -bis(4-hydroxyphenyl)ethyl]benzene, and dimers, 
trimers and tetramers of formalin condensation products of phenols such as phenol, m- 
cresol, p-cresol and xylenol. Of course, the present invention is nor limited to these 
compounds. 

There are no particular restrictions on the acid dissociable, dissolution inhibiting 
10 group, and suitable examples include the groups described above. 
[0101] 

Acid Generator (B) 

As the component (B), any of the compounds known as conventional acid 
generators for use within chemically amplified resists can be appropriately selected and 
1 5 used. 

Specific examples of suitable diazomethane-based acid generators include 
bis(isopropylsulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane, bis(l , 1 - 
dimethylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl)diazomethane, and bis(2,4- 
dimethylphenylsulfonyl)diazomethane. 
20 [0102] 

Specific examples of suitable onium salts include diphenyliodonium 
trifluoromethanesulfonate, (4-methoxyphenyl)phenyliodonium trifluoromethanesulfonate, 
bis(p-tert-butylphenyl)iodonium trifluoromethanesulfonate, triphenylsulfonium 
trifluoromethanesulfonate, (4-methoxyphenyl)diphenylsulfonium 
25 trifluoromethanesulfonate, (4-methylphenyl)diphenylsulfonium 
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nonafluorobutanesulfonate, (p-tert-butylphenyl)diphenylsulfonium 
trifluoromethanesulfonate, diphenyliodonium nonafluorobutanesulfonate, bis(p-tert- 
butylphenyl)iodonium nonafluorobutanesulfonate, and triphenylsulfonium 
nonafluorobutanesulfonate. Of these compounds, onium salts containing a fluorinated 
alky 1 sulfonate ion as the anion are preferred. 
[0103] 

Examples of suitable oxime sulfonate compounds include a- 

(methylsulfonyloxyimino)-phenylacetonitrile, a-(methylsulfonyloxyimino)-p- 

methoxyphenylacetonitrile, a-(trifluoromethylsulfonyloxyimino)-phenylacetonitrile, a- 

(trifluoromethylsulfonyloxyimino)-p-methoxyphenylacetonitrile : , a- 

(ethylsulfonyloxyimino)-p-methoxyphenylacetonitrile 5 a-(propylsulfonyloxyimino)-p- 

methylphenylacetonitrile, and a-(methylsulfonyloxyimino)-p-bromophenylacetonitrile. 

Of these, a-(methylsulfonyloxyimino)-p-methoxyphenylacetonitrile is preferred. 
[0104] 

As the component (B), either a single acid generator may be used alone, or a 
combination of two or more different acid generators may be used. 

The quantity used of the component (B) is typically within a range from 1 to 20 
parts by weight, and preferably from 2 to 10 parts by weight, per 100 parts by weight of 
the component (A). If this quantity is less than the above range, then pattern formation 
may not progress satisfactorily, whereas if the quantity exceeds the above range, it 
becomes difficult to achieve a uniform solution, and there is also a danger of a 
deterioration in the storage stability of the composition. 
[0105] 
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In order to improve the resist pattern shape and the post exposure stability of the 
latent image formed by the pattern-wise exposure of the resist layer, a nitrogen- 
containing organic compound can also be added to the resist composition as an optional 
component (C). 

5 A multitude of these nitrogen-containing organic compounds have already been 

proposed, and one of these known compounds can be used, although an amine, and 
particularly a secondary lower aliphatic amine or tertiary lower aliphatic amine is 
preferred. 

Here, a lower aliphatic amine refers to an alkyl or alkyl alcohol amine of no more 
1 0 than 5 carbon atoms, and examples of these secondary and tertiary amines include 
trimethylamine, diethylamine, triethylamine, di-n-propylamine, tri-n-propylamine, 
tripentylamine, diethanolamine, and triethanolamine, and of these, tertiary alkanolamines 
such as triethanolamine are particularly preferred. 

These may be used either alone, or in combinations of two or more different 
1 5 compounds. 

These compounds are typically used in a quantity within a range from 0.01 to 5.0 
parts by weight per 100 parts by weight of the component (A). 
[0106] 

Furthermore, in order to prevent any deterioration in sensitivity caused by the 
20 addition of the aforementioned component (C), and improve the resist pattern shape and 
the post exposure stability of the latent image formed by the pattern-wise exposure of the 
resist layer, an organic carboxylic acid, or a phosphorus oxo acid or derivative thereof 
can also be added as an optional component (D). The component (C) and the component 
(D) can be used in combination, or either one can also be used alone. 
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Examples of suitable organic carboxylic acids include malonic acid, citric acid, 
malic acid, succinic acid, benzoic acid, and salicylic acid. 

Examples of suitable phosphorus oxo acids or derivatives thereof include 
phosphoric acid or derivatives thereof such as esters, including phosphoric acid, di-n- 
5 butyl phosphate, and diphenyl phosphate; phosphonic acid or derivatives thereof such as 
esters, including phosphonic acid, dimethyl phosphonate, di-n-butyl phosphonate, 
phenylphosphonic acid, diphenyl phosphonate, and dibenzyl phosphonate; and 
phosphinic acid or derivatives thereof such as esters, including phosphinic acid and 
phenylphosphinic acid, and of these, phosphonic acid is particularly preferred. 
10 The component (D) is typically used in a quantity within a range from 0.01 to 5.0 

parts by weight per 100 parts by weight of the component (A). 
[0107] 

Other miscible additives can also be added to a resist composition of the present 
invention according to need, and examples include additive resins for improving the 
1 5 properties of the resist film, surfactants for improving the ease of application, dissolution 
inhibitors, plasticizers, stabilizers, colorants, and halation prevention agents. 
[0108] 

[Method of Forming Resist Pattern] 

A method of forming a resist pattern according to the present invention can be 
20 conducted, for example, in the manner described below. 

Namely, an aforementioned positive resist composition is first applied to the 
surface of a substrate such as a silicon wafer using a spinner or the like, a prebake is 
conducted under temperature conditions of 80 to 150°C, and preferably from 130 to 
150°C, for a period of 40 to 120 seconds, and preferably for 60 to 90 seconds, the thus 



47 

obtained film is then subjected to selective exposure in a vacuum (for example, 1x10" 
to 1 x 1 0" 5 Pa), either through a desired mask pattern or via direct patterning, using an 
EUV or EB exposure apparatus or the like, and PEB (post exposure baking) is then 
conducted under temperature conditions of 80 to 150°C for 40 to 120 seconds, and 
preferably for 60 to 90 seconds. Subsequently, a developing treatment is conducted 
using an alkali developing solution such as a 0.1 to 10% by weight aqueous solution of 
tetramethylammonium hydroxide. In this manner, a resist pattern that is faithful to the 
mask pattern can be obtained. 

An organic or inorganic anti-reflective film may also be provided between the 
substrate and the applied layer of the resist composition. 

EXAMPLES 
[0109] 

(Composition of Resists) 

The composition of the resists used in the examples of the present invention, with 
the exception of the organic solvent, is as described below. Namely, the component (A), 
the component (B), and a nitrogen-containing organic compound were dissolved in each 
of the organic solvents (2000 parts by weight) shown below, thus yielding a series of 
positive resist compositions. 

Component (A): 100 parts by weight of a copolymer (weight average molecular weight: 
10,000) obtained by copolymerization of hydroxystyrene, styrene, and t-butyl 
methacrylate in a molar ratio of 65/15/20. 

Component (B): 5.0 parts by weight of triphenylsulfonium nonafluorobutanesulfonate. 
Other additives: 0.3 parts by weight of triethanolamine. 
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Example 1 : MAK 
Example 2: PGME 
Example 3 : MMP 
Example 4: BuOAc 
5 Comparative example 1 : PGMEA 
Comparative example 2: EL 
Comparative example 3: 3-hexanone 
[0110] 

(Measurement of Variation in Film Thickness) 
10 Each of the above resist compositions was applied to the surface of a silicon 

substrate of diameter 200 mm in sufficient quantity to generate a film thickness of 
2300±10% A, and the film thickness was then measured after heating for 90 seconds at 
temperature conditions of 90°C, 1 10°C, 130°C, and 150°C respectively. 

The values measured at 130°C and 150°C were used to determine the value of the 
1 5 left-hand member of the above formula (I). 

The results are shown in Table 1 and in the graph of FIG. 1. 

[0111] 

(Degree of Variation in Total Pressure) 

Each of the above resist compositions was applied to the surface of a silicon 
20 substrate of diameter 200 mm in sufficient quantity to generate a film thickness of 

2300±10% A, and the film was then heated for 90 seconds under temperature conditions 
of 130°C. 

Subsequently, under conditions including a pressure of 1 x 10" 7 to 1 x 10' 5 Pa. 
and a temperature of room temperature (25°C), the NewSubaru radiation optical facility 
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at the Himeji Institute of Technology was used to conduct a selective exposure (exposure 
time: 60 seconds) of the resist film, using light of 13.5 nm, a heat accumulation current 
value for the ring of 200 mA, and a resist film thickness of 100 nm. 

During this exposure, the degree of variation in the total pressure within the 
chamber inside which the substrate was positioned within the apparatus, was measured 
between the state prior to exposure and the state following exposure. The results are 
shown in Table 1 . 
[0112] 



[Table 1] 





Organic 
solvent 


Film thickness (A) 


Value of left- 
hand member 
of formula (I) 

(A/°C) 


Degree of 
variation in 
total pressure 
(Pa) 


90°C 


110°C 


130°C 


150°C 


Example 
1 


MAK 


1952 


1937 


1916 


1914 


0.1 


3.10 x 10" 5 


Example 
2 


PGME 


2606 


2542 


2534 


2533 


0.05 


3.29 x 10" 5 


Example 
3 


MMP 


2245 


2224 


2218 


2215 


0.15 


3.50 x 10' 5 


Example 
4 


BuOAc 


2296 


2296 


2295 


2292 


0.15 


3.50 x 10" 5 


Comparative 
example 1 


PGMEA 


2240 


2215 


2174 


2155 


0.95 


4.10 x 10' 5 


Comparative 
example 2 


EL 


2278 


2256 


2229 


2224 


0.25 


4.00 x 10" 5 


Comparative 
example 3 


3-hexanone 


2133 


2080 


2035 


2020 


0.75 


4.20 x 10" 5 



[0113] 

In the comparative examples, the reflectance from the mirror deteriorated 1 to 5% 
after approximately 1 hour of exposure, whereas in the examples, that type of reflectance 
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deterioration was not observed. Furthermore, from the results shown in Table 1 and FIG. 
1 it is evident that the examples 1 through 4 satisfy both the first condition and the 
second condition. The comparative examples 1 through 3 do not satisfy the first and 
second conditions. 

5 Under the same conditions as those used for the measurement of the total pressure, 

the atmosphere was sampled prior to exposure and then following exposure, and when 
the fragment mass was measured, it was found that the pressure for low molecular weight 
compounds with a molecular weight within a range thought to correspond with 
decomposition products from the organic solvent (namely, 50 to 60) was significantly 

10 lower for the examples than for the comparative examples. Accordingly, in the examples 
1 through 4 which satisfy the second condition, compounds are not released into the 
atmosphere, meaning the danger of contamination of the lens or mask or the like is 
consequently lower. 

While preferred examples of the present invention have been described and 

1 5 illustrated above, it should be understood that these are exemplary of the invention and 
are not to be considered as limiting. Additions, omissions, substitutions, and other 
modifications can be made without departing from the spirit or scope of the present 
invention. Accordingly, the invention is not to be considered as being limited by the 
foregoing description, and is only limited by the scope of the appended claims. 
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